1. Introduction
===============

Preeclampsia is a unique complication of pregnancy, and its pathogenesis is considered to be closely related to vascular endothelial injury, inflammatory excessive oxidative stress, insulin resistance, as well as genetic factors.^\[[@R1],[@R2]\]^ Clinical signs and symptoms of preeclampsia include visual impairment, headache, upper abdominal pain, thrombocytopenia, and abnormal liver function.^\[[@R1],[@R3]\]^

Pentraxin 3 (PTX3) is the first discovered long-chain pentameric protein, with a molecular weight of 40 to 50 KD, and is highly conserved in human and mouse evolution.^\[[@R4],[@R5]\]^ PTX3 has a wide range of synthesis and release sites, including neutrophils, dendritic cells, macrophages, activated endothelial cells, smooth muscle cells, fibroblasts, etc.^\[[@R6],[@R7]\]^ At the site of inflammation, the synthesis and release of PTX3 can be induced by interleukin-1 (IL-1), tumor necrosis factor (TNF-α), interleukin 10 (IL-10), lipopolysaccharide (LPS), etc.^\[[@R7]\]^ Under physiological conditions, PTX3 levels in peripheral blood are relatively low; however, in the early stages of inflammation, plasma PTX3 levels can rise rapidly and reach a peak at 6 to 8 h.^\[[@R4],[@R6]\]^ Compared to the plasma C-reactive protein, PTX3 responds more rapidly, exists longer, better represents local inflammatory response, with a less variable plasma concentration than C-reactive protein.^\[[@R8],[@R9]\]^ Thus, PTX3 is a marker for the occurrence and progression of inflammatory responses.

The human *PTX3* gene is located in the q25 region of chromosome 3, containing 3 exons, and expressing 381 amino acids.^\[[@R10]\]^ A variety of single nucleotide polymorphisms (SNPs) in the *PTX3* gene are associated with the occurrence of several diseases. For example, Zandifar et al^\[[@R11]\]^ indicated that the *PTX3* gene rs3816527 polymorphism is associated with the susceptibility to migraine in men. In addition, He et al^\[[@R12]\]^ reported a significant correlation between *PTX3* rs1840680 polymorphism and the susceptibility to pulmonary aspergillosis in patients with COPD. To date, there are only a few studies have investigated *PTX3* gene polymorphisms in preeclampsia. In the present study, we selected two SNP loci in the 3' untranslated region (3'UTR) of the *PTX3* gene with a minor allele frequency (MAF) above 0.05, that is, rs5853783 and rs73158510. A case-control study was conducted to investigate the association of these two SNP loci with the risk of preeclampsia.

2. Materials and methods
========================

2.1. Subjects
-------------

A cohort of 235 patients with preeclampsia (case group) was recruited from the Affiliated Hangzhou First People\'s Hospital, Zhejiang University School of Medicine between March 2016 and October 2018, with ages ranging from 18 to 39 years (mean, 28.18 ± 5.50 years), and gestational age ranging from 35 to 39 weeks (mean, 38.04 ± 1.05 weeks). Another cohort of 235 healthy pregnant women were randomly selected as the control group, aged 20 to 40 years (mean, 28.87 ± 6.08 years), and gestational age was 35 to 42 weeks (mean, 38.11 ± 1.41 weeks). The inclusion criteria were as follows:

1.  Han nationality;

2.  age ≥ 18 years;

3.  complete medical records;

4.  diagnostic criteria for preeclampsia in accordance with the American College of Obstetricians and Gynecologists (ACOG) guide.^\[[@R13]\]^

The exclusion criteria were as follows:

1.  other complications during pregnancy;

2.  history of chronic hypertension, heart disease, kidney disease, diabetes, and liver disease before pregnancy.

All subjects signed the informed consent form and the study was approved by the Medical Ethics Committee of the Affiliated Hangzhou First People\'s Hospital, Zhejiang University School of Medicine. The recruitment was performed in accordance with the World Medical Association Declaration of Helsinki.

2.2. Genotyping
---------------

Plasma genomic DNA was extracted using a QIAamp DNA Blood Mini Kit (Qiagen, Hilden Germany) according to the manufacturer\'s instructions and stored at --80°C. The DNA fragment containing the rs5853783 and rs73158510 loci of the *PTX3* gene 3'UTR was amplified by polymerase chain reaction (PCR) using the extracted genomic DNA as a template. The PCR primers were: 5'-TGG CCA GAG ATG AAT TTT ACA TTG G-3' (forward); 5'-TCT TCT CAA AAA CGT GAC ATT CG-3' (reverse). 5'-CGA ATG TCA CGT TTT TGA GAA GAT A-3' (forward); 5'-ACG AGT TTG CTC CAA AAC ATC T-3' (reverse). The PCR mixture contained 12.5 μL PCR mix (Elpis-Biotech), 1 μL (10 pmol) each of the primers, 1 μL genomic DNA, and 1.5 μL double distilled water. The PCR conditions were as follows: pre-denaturation at 94°C for 2 minutes, denaturation at 94°C for 1 minute, annealing at 60°C for 40 seconds, and extension at 72°C for 4 minutes, in a total of 30 cycles. After PCR, Sanger sequencing was performed using GENEWIZ (North Brunswick, NJ), and the genotypes were determined by comparing the sequencing results with the sequences in the NCBI database.

2.3. Enzyme-linked immunosorbent assay (ELISA)
----------------------------------------------

A quantitative sandwich ELISA was performed to test the plasma PTX3 protein levels using 3 ml of whole blood collected from participants. Plasma PTX3 protein levels were determined using an ELISA kit (R&D Systems, Inc., Minneapolis, America) according to the manufacturer\'s instructions. The minimum detectable dose of the kit is 0.007 to 0.116 ng/ml.

2.4. Statistical analysis
-------------------------

In the present study, statistical analysis was performed using SPSS 22.0 (SPSS Inc, Chicago, IL). Continuous variables were expressed as mean ± SD, and statistically analyzed using the *t* test. Categorical variables were expressed as n(%) and statistically analyzed using the *χ*^2^ test. Fisher Exact Test was used to compare the genotype distribution of *PTX3* gene SNPs between the case and control groups. *χ*^2^ test was performed to test whether the genotype distribution was consistent with the Hardy-Weinberg equilibrium (HWE), based on the distribution of allele frequencies and genetic models (additive, dominant, and recessive models) to determine the correlation between *PTX3* gene SNPs and the risk of preeclampsia. The odds ratio (OR) and 95% confidence interval (CI) were used in an unconditional logistic regression analysis, adjusted for age, gestational age, pre-pregnancy body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), and family history of hypertension. Multi-factor dimensionality reduction (MDR) was performed to assess the SNPs of *PTX3* gene and its interaction with environmental factors. All tests were 2-tailed, with *P* \< .05 considered as significant differences.

3. Results
==========

3.1. Demographic information
----------------------------

The demographic information of the case group and the control group are shown in Table [1](#T1){ref-type="table"}. There was no significant difference in age and gestational age between the case and the control groups (*P* \> .05). The proportion of pre-pregnancy BMI, SBP, DBP, and subjects with a family history of hypertension were significantly higher in the case group than in the control group (*P* \< .05).

###### 

Comparison of demographic characteristics between the case and control groups.
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3.2. Association of *PTX3* gene 3'UTR SNPs with preeclampsia
------------------------------------------------------------

We analyzed the genotype and allele frequencies of the 3'UTR rs5853783 and rs73158510 loci from 235 cases of preeclampsia patients and 235 control subjects (Table [2](#T2){ref-type="table"}). The frequency distribution of the rs5853783 and rs73158510 loci of the *PTX3* gene in the control group was consistent with the HWE (*P* \> .05). Using the II genotype of the *PTX3* gene rs5853783 locus as a reference, both ID and DD genotypes were protective factors for preeclampsia (OR = 0.76, 95% CI: 0.62--0.93, *P* = .01; OR = 0.50, 95% CI: 0.29--0.78, *P* = .01; respectively). In addition, the risk of preeclampsia was dramatically reduced in both dominant and recessive models (OR = 0.50, 95% CI: 0.35--0.72, *P* \< .001; OR = 0.57, 95% CI: 0.33--0.89, *P* = .01; respectively). The risk of preeclampsia in rs5853783 locus D allele carriers was 0.72 times higher than in the I allele carriers (95% CI: 0.60--0.84, *P* \< .001) (Table [2](#T2){ref-type="table"}). Moreover, based on the GG genotype of *PTX3* gene rs73158510 locus, both GA and AA genotypes were high risk factors for preeclampsia (OR = 1.30, 95% CI: 1.05--1.57, *P* = .02; OR = 1.74, 95% CI: 1.17--2.08, *P* = .01; respectively). The risk of preeclampsia was significantly increased in both the dominant and recessive models (OR = 1.36, 95% CI: 1.12--1.62, *P* \< .01; OR = 1.62, 95% CI: 1.09--1.93, *P* = .02; respectively). The risk of preeclampsia in the *PTX3* gene rs73158510 locus A allele carriers was 1.36 times higher than in the G allele carriers (95% CI: 1.16--1.55, *P* \< .001) (Table [2](#T2){ref-type="table"}).
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Correlation between the 3'UTR genotype and allele frequency of *PTX3* gene and preeclampsia risk.
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3.3. Stratified analyses
------------------------

In the present study, a stratified analysis to test the correlation between the *PTX3* gene 3'UTR SNP and the risk of preeclampsia was performed. Hence, we divided all participants into the following sub-groups: younger reproductive age (age ≤ 35 years) and advanced reproductive age (age \> 35 years), non-obesity (BMI ≤ 24 kg/m^2^) and obesity (BMI \> 24 kg/m^2^), as well as with family history and without family history of hypertension. The results demonstrated that in subjects with younger reproductive age, non-obesity, and with a family history of hypertension, the risk of preeclampsia in the *PTX3* gene rs5853783 locus D allele carriers (ID/DD) was significantly lower than that of the type II genotype (*P* \< .05). However, in subjects with advanced reproductive age, obesity, and without a family history of hypertension, there was no significant difference in the risk of preeclampsia between the *PTX3* gene rs5853783 locus D allele carriers (ID/DD) and the II genotype carriers (*P* \> .05) (Table [3](#T3){ref-type="table"}). These findings indicate that the correlation between the risk of preeclampsia and the *PTX3* gene rs5853783 locus SNP can be affected by several factors including age, pre-pregnancy BMI, and a family history of hypertension.
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Stratified analysis of the correlation between *PTX3* gene rs5853783 locus SNP and the risk of preeclampsia.
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Similarly, in subjects with younger reproductive age, advanced reproductive age, non-obesity, and without a family history of hypertension, the risk of preeclampsia in *PTX3* gene rs73158510 locus A allele carriers (GA/AA) was significantly lower than in the GG genotype carriers (*P* \< .05). However, in obese subjects, with a family history of hypertension, no significant difference was observed in the risk of preeclampsia between the *PTX3* gene rs73158510 locus A allele carriers (GA/AA) and the GG genotype carriers (*P* \> .05) (Table [4](#T4){ref-type="table"}). These findings indicate that the correlation between the risk of preeclampsia and the *PTX3* gene rs73158510 locus SNP was affected by BMI and a family history of hypertension.
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Stratified analysis of the correlation between *PTX3* gene rs73158510 SNP and the risk of preeclampsia.
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3.4. Multi-factor dimensionality reduction (MDR) analysis of the interaction between *PTX3* gene SNPs and environmental factors
-------------------------------------------------------------------------------------------------------------------------------

Further, we performed MDR to analyze the interaction between *PTX3* gene rs5853783 and rs73158510 loci SNPs and environmental factors, that is, age, pre-pregnancy BMI, and family history of hypertension. We observed that there was a positive interaction between *PTX3* gene rs5853783 SNP and age, BMI, as well as a family history of hypertension. There was a positive interaction between the *PTX3* gene rs73158510 SNP and age, as well as a family history of hypertension; however, there was a negative interaction between the *PTX3* gene rs73158510 SNP and the pre-pregnancy BMI (Fig. [1](#F1){ref-type="fig"}A). In addition, the interaction between the *PTX3* gene rs73158510 SNP and the rs5853783 SNP was the highest, followed by age, family history of hypertension, and pre-pregnancy BMI (Fig. [1](#F1){ref-type="fig"}B).

![Interaction between the *PTX3* gene rs5853783 and rs73158510 SNPs and subject\'s age, pre-pregnant body mass index, and family history of hypertension. (A) The circle graph, the percentage at the bottom of each factor represents its entropy, and the percentage on each line represents the percentage of interaction between the 2 factors. The red line indicates a positive interaction and the yellow line indicates a negative interaction. (B) The tree graph. The red line represents a stronger interaction, the orange line represents a weaker interaction. The closer location between the 2 factors represents a stronger interaction.](medi-99-e18740-g005){#F1}

3.5. Abnormal elevation of plasma PTX3 levels in patients with preeclampsia
---------------------------------------------------------------------------

To detect the plasma PTX3 protein levels in all participants, ELISA was performed. The results showed that plasma PTX3 protein levels were significantly higher in patients with preeclampsia than in the control group (*P* \< .001) (Fig. [2](#F2){ref-type="fig"}A). Next, we analyzed the receiver operating characteristic (ROC) curve of plasma PTX3 protein level diagnosis of preeclampsia and found that the area under the curve (AUC) was 0.906 (*P* \< .001) (Fig. [2](#F2){ref-type="fig"}B).

![Plasma PTX3 levels detected by ELISA. (A) plasma PTX3 protein levels in the case and control groups. (B) The receiver operating characteristic curve of plasma PTX3 level diagnosis of preeclampsia.](medi-99-e18740-g006){#F2}

3.6. Association of *PTX3* gene rs5853783 and rs73158510 SNPs with plasma PTX3 protein levels
---------------------------------------------------------------------------------------------

Then, we analyzed the correlation between PTX3 protein levels in plasma and rs5853783 and rs73158510 loci SNPs in the case and control groups. The results demonstrated that in both case and control groups the plasma levels of PTX3 protein were significantly higher in rs5853783 locus II genotype carriers than in the ID genotype, and the DD genotype was the lowest (*P* \< .05) (Fig. [3](#F3){ref-type="fig"}A and B). Moreover, the plasma levels of PTX3 protein in rs73158510 locus GG genotype carriers were significantly lower than in the GA genotype, and the AA genotype was the highest (*P* \< .05) (Fig. [3](#F3){ref-type="fig"}C and D).

![Correlation of *PTX3* gene rs5853783 and rs73158510 SNPs with plasma levels of PTX3 protein. (A) Comparison of plasma PTX3 protein levels between different genotypes of the *PTX3* gene rs5853783 in the case group. (B) Comparison of plasma PTX3 protein levels between different genotypes of the *PTX3* gene rs5853783 in the control group. (C) Comparison of plasma PTX3 protein levels between different genotypes of the *PTX3* gene rs73158510 in the case group. (d) Comparison of plasma PTX3 protein levels between different genotypes of the *PTX3* gene rs73158510 in the control group.](medi-99-e18740-g007){#F3}

3.7. *PTX3* gene SNPs affected the diagnostic efficacy of preeclampsia by plasma PTX3 protein levels
----------------------------------------------------------------------------------------------------

Finally, we analyzed the ROC curve of plasma PTX3 protein level diagnosis of preeclampsia in different genotypes of the *PTX3* gene rs5853783 and rs73158510. The results indicated that the AUC of plasma PTX3 protein level diagnosis of preeclampsia in the *PTX3* gene rs5853783 locus II genotype subjects was up to 0.9371, followed by the ID genotype (AUC = 0.8586), and DD genotype was the lowest (AUC = 0.8154), with a statistically significant difference (*P* \< .05) (Fig. [4](#F4){ref-type="fig"}A). The AUC of plasma PTX3 protein level diagnosis of preeclampsia in rs73158510 locus GG genotype subjects was 0.9102; the GA genotype was 0.8766, and AA genotype was 0.8750, with a statistically significant difference observed (*P* \< .05) (Fig. [4](#F4){ref-type="fig"}B).

![Correlation between *PTX3* gene rs5853783 and rs73158510 SNPs with the plasma PTX3 protein levels in the diagnosis of preeclampsia.](medi-99-e18740-g008){#F4}

4. Discussion
=============

Here, we conducted a case-control study to investigate the correlation between SNPs of 2 loci with minor allele frequencies above 0.05 in the *PTX3* gene 3'UTR (ie, rs5853783 and rs73158510) and the risk of preeclampsia in 235 patients with preeclampsia and 235 control subjects. We observed an increased risk of preeclampsia occurrence, as well as the plasma levels of PTX3 protein, in subjects carrying the rs5853783 locus I allele and the rs73158510 locus A allele of the *PTX3* gene. Based on these findings, it is probable that the rs5853783 and rs73158510 SNPs in the 3'UTR of the *PTX3* gene are associated with the risk of preeclampsia in a Chinese Han population.

Preeclampsia is a disease unique to pregnancy, clinically characterized by hypertension, proteinuria, and edema, which are common complications of a hypertensive disorder during pregnancy. Indeed, preeclampsia is a typical representative of the hypertensive disorder in pregnancy.^\[[@R3],[@R14]\]^ Preeclampsia is often accompanied by systemic multiple organ damage or multi-function failure, and these complications seriously endanger maternal and fetal safety.^\[[@R15],[@R16]\]^ Previously, studies have investigated the etiology and pathogenesis of hypertensive disorder in pregnancy, suggesting that preeclampsia may be affected by the interaction of multiple genes and environmental factors.^\[[@R17]--[@R19]\]^

In the present study, we observed that plasma PTX3 protein levels were significantly higher in preeclampsia patients than in the control subjects. Based on the ROC analysis, we reported that the AUC of plasma PTX3 protein level diagnosis of preeclampsia was increased to 0.906, suggesting that PTX3 may be a potential marker of preeclampsia and is of great value in the diagnosis of preeclampsia.

There are a variety of SNP loci in the 3'UTR of the *PTX3* gene. In the present study, we selected 2 SNP loci with MAF \> 0.05. Our analyses demonstrated that after adjusting for age, gestational age, pre-pregnancy BMI, SBP, DBP, and family history of hypertension, the D allele of rs5853783 locus was a protective factor for preeclampsia, and the *PTX3* gene rs73158510 locus A alleles was a risk factor for preeclampsia. Further, by measuring the plasma PTX3 protein levels in the participants, we revealed that the plasma PTX3 protein level of the rs5853783 locus D allele carriers was significantly lower than that observed in I allele carriers in both patients with preeclampsia and the control subjects, and the plasma PTX3 protein level of the *PTX3* gene rs73158510 A allele carriers was significantly higher than that in the G allele carriers. This indicated that the *PTX3* gene rs5853783 and rs73158510 loci SNP were associated with plasma PTX3 protein levels. Based on the above findings, we hypothesized that the correlation between the *PTX3* gene rs5853783 and rs73158510 SNPs and the risk of preeclampsia may due to abnormal expression of the PTX3 protein, and in the subjects with the high-risk allele, the PTX3 protein was highly expressed. Given that both the rs5853783 and the rs73158510 loci are located in the 3'UTR of the *PTX3* gene, and the 3'UTR of the gene is a binding site for microRNAs to regulate the gene expression, we speculate that the rs5853783 and rs73158510 SNPs may affect the regulations of PTX3 protein expression through microRNAs; however, there is no direct evidence in the current study to support this hypothesis.

Future studies aim to elucidate the associated microRNAs and confirm the effect of the *PTX3* gene rs5853783 and rs73158510 on the regulation of the PTX3 protein expression by these microRNAs in vitro. In addition, the correlations between more relevant genes and environmental factors on the risk of preeclampsia needs to be evaluated. Furthermore, although SNPs of the rs5853783 and rs73158510 loci in the 3'UTR of the *PTX3* gene were found to be related to preeclampsia in a Chinese Han population, the calculated OR value only demonstrated a weak correlation due to the small sample size. Hence, it is necessary to verify these observations with a larger sample size. More importantly, large-scale, multi-regional, and multi-ethnic systematic studies are imperative to better understand the pathogenesis of preeclampsia.

In summary, the rs5853783 and rs73158510 SNPs in the 3'UTR of the *PTX3* gene are associated with the risk of preeclampsia in the Chinese Han population, and the specific mechanisms need to be evaluated in future studies.
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